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[57] ABSTRACT 
There is provided a pressure measuring sensor having a 
diaphragm including a peripheral ?xing portion so 
formed as to be ?xed to a pressure measuring sensor 
proper and be thick, a pressure receiving portion re 
sponsive to a pressure to be measured to move,‘and a 
strain causing portion responsive to the movement of 
the pressure receiving portion to cause strain, the pres 
sure receiving portion having a shape so formed as to 
substantially perform the same function as a member 
having a high rigidity when moving in response to a 
change in the above described pressure to be measured, 
and the strain causing portion being substantially sub 
ject to bending stress in response to the movement of 
the pressure receiving portion moved according to the 
changein the above described pressure to be measured 
and thereby the strain causing portion providing a plu 
rality of gauge resistors formed on the strain causing 
portion with tensile stress or compressive stress propor 
tionate to the pressure to be measured. 

9 Claims, 2 Drawing Sheets 
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PRESSURE MEASURING SENSOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a pressure measuring 
sensor, and in particular to a pressure measuring sensor 
for sensing the movement of a diaphragm responsive to 
a pressure difference between both sides thereof and 
measuring a pressure or a differential pressure applied 
to that diaphragm. 

In the prior art, such a pressure measuring sensor has 
a thin diaphragm in the central part thereof, and a gauge 
resistor for sensing a stress of the diaphragm caused by ' 
a pressure applied to the diaphragm is formed on one of 
the faces of the peripheral part of that diaphragm. No 
matter which side of the diaphragm a pressure is applied 
to, the stress applied to the gauge resistor mainly com 
prises a tensile force because of deflection of the dia 

2 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
pressure measuring sensor having excellent linearity 

5 even in a measuring region of low pressure or low pres 

10 

phragm caused by the pressure. That is to say, while the 20 
pressure is small, a tensile force acts in one direction and 
a compressive force acts in the other direction. As the 
pressure is further increased, however, the tensile force 
acting in one direction becomes further large, and the 
compressive force acting in the other direction gradu 
ally changes into a tensile force. This results in a disad-‘ 
vantage that the output characteristic obtained from the 
gauge resistor varies according to the direction of the 
diaphragm deflection. 
As the prior art in which the above described disad 

vantage is mitigated, a pressure measuring sensor as 
disclosed in JP-A-S 1-69678 can be mentioned. The pres 

' sure measuring sensor has a diaphragm comprising a 
semiconductor such as silicon. The diaphragm has a 
central part so formed as to be thick and a peripheral 
part so formed as to be thin and form a strain causing 
portion which is deformed in response to a pressure 
applied to the diaphragm. In this case, the thin part has 
gauge resistors formed by using the diffusion method or 
the ion implantation method. In such a pressure measur 
ing sensor, vertical bending stress acts upon the strain 
causing portion in the direction, of pressure application. 
Therefore, a tensile force acts upon gauge resistors in 
response to one force whereas a compressive force acts 
upon gauge resistors in response to the other force. 
Even if directions of pressure application to the dia 
phragm are different, therefore, nearly the same output 
characteristics with respect to the both directions, i.e., 
nearly symmetrical regular and reverse characteristics 
can be obtained. 

If the strain causing portion is so formed as to be 
suf?ciently thin with the object of measuring a low 
pressure in a pressure measuring sensor having the 
above described con?guration, however, a tensile force 
predominantly acts upon gauge resistors in response to 
pressures in both directions in the same way as the ?rst 
cited example of the prior art in which the entire dia 
phragm is so formed as to be thin, resulting in degraded 
linearity of output characteristics of gauge resistors. 

In attempting to reduce the size of a pressure measur 
ing sensor, the strain causing portion also becomes small 
in the nature of things. For securing an output not less 
than a predetermined level, the thickness of the strain 
causing portion in the diaphragm must be made further 
thinner. In this case, however, the above described 
drawback appears further largely. In the past, therefore, 
miniaturization was difficult as a matter of fact. 
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sure difference and excellent symmetry in regular and 
reverse characteristics. 

In a pressure measuring sensor according to the pres 
ent invention, a diaphragm responsive to the pressure 
comprises a peripheral part so formed as to be thick and 
be ?xed to a support member, an annular thin strain 
causing portion having a plurality of gauge resistors 
formed therein, a wiring part for electrically intercon 
necting the plurality of gauge resistors, and a central 
part having such a high rigidity effect that bending 
stress mainly acts upon the strain causing portion with 
tensile stress reduced to the utmost in response to defor 
mation of the diaphragm based upon a change in pres 
sure to be measured. 
By thus providing the central part with a high rigidity 

effect, the strain causing portion formed around the 
central part can be made to function as a cantilever 
beam. Therefore, deformation caused in the strain caus 
ing portion is mainly caused by the bending function. 
As a result, the gauge resistors are subject to compres 
sive force in response to one pressure and subject to 
tensile force in response to the other pressure. There 
fore, output characteristics having symmetrical regular 
and reverse characteristics can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view of a pressure/ 
differential presure detector having a measuring dia 
phragm according to the present invention; 
FIG. 2 is a top view of a measuring diaphragm; 
FIG. 3 is an electric-wiring diagram; and 
FIGS. 4 to 6 are longitudinal sectional views showing 

embodiments of a change in measuring diaphragm. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will hereafter 
be described by referring to accompanying drawings. 
FIG. 1 is a longitudinal sectional view of a pressure 

5 measuring sensor according to the present invention. 
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FIG. 2 is a top view of a measuring diaphragm. FIG. 3 
is a wiring con?guration diagram. With reference to 
FIG. 1, numeral 1 denotes a diaphragm for measuring a 
pressure or a differential pressure formed by monocrys 
talline silicon. The diaphragm 1 is attached to a housing 
4 via a ?rst support member 2 having a hole 20 in the 
axial portion thereof and a second support member 3 
having a similar hole 3a. That is to say, the diaphragm 
1 is fixed to the top face of the ?rst support member 2. 
The second support member 3 is attached to the bottom 
face of the ?rst support member 2. The axial holes 20 
and 30 respectively of the support members 2 and 3 are 
disposed coaxially. - 
The housing 4 has a comparatively large space 5, 

which is largely open‘ upward, in the central part 
thereof. The housing 4 has a bottom part 40 comprising 
a hole 4b formed therein. The bottom end of the bottom 
projection 3b of the second support member 3 is ?tted in 
the hole 4b and is ?xed by welding or the like. An as 
sembly comprising the diaphragm 1, the ?rst support 
member 2 and the second support member 3 is so dis 
posed as to be housed into the space 5 of the above 
described housing 4. In a plurality of portions of the 
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peripheral portion of the housing 4, through-holes 40 
for passing leads 6 are formed in the vertical direction. 

Considering thermal strain caused by electrical insu 
lation between the diaphragm 1 and the housing 4 for , 
measuring the pressure or differential pressure and by a 
difference in coef?cient of linear expansion between 
them, it is desirable that the above described ?rst sup 
port member 2 comprises borosilicate glass having a 
coef?cient of linear expansion approximated to that of 
silicon forming the diaphragm 1. Considering the coef? 
cient of linear expansion and mounting to the housing 4 
by means of welding joining or the like, it is desirable 
that the second support member 3 is formed by using a 
Fe-Ni alloy or a Fe-Ni-Co alloy having a coef?cient of 
linear expansion approximated to that of silicon. If the 
?rst support member 2 and the second support member 
3 are formed by using the materials heretofore de 
scribed, the diaphragm 1, the ?rst support member 2 
and the second support member 3 can be joined by 
using an anode joining method. Thereby the assembly 
as shown in FIG. 1 can be fabricated. 
As the material forming the diaphragm 1 for measur 

ing a pressure or differential pressure, n-type monocrys 
talline silicon of the (100) plane is used. A thick ?xing 
portion 1a is formed in the fringe portion of the dia 
phragm 1. In the central part of the diaphragm 1, a 
recess portion 1b is formed on the side whereon gauge 
resistors are to be formed. 0n the peripheral side of the 
recess portion 1b inside of the ?xing "portion 10. an 
annular groove opened downward is formed to provide 
the'thin strain causing portion 1c. The diaphragm l is 
?xed to the ?rst support member 2 by the ?xing portion 
1a The recess portion 1b has an opening opened up 
ward in FIG. 1 and is so formed as to be projected 
downward in FIG. 1, i.e., projected on the side 
whereon the ?rst support member 2 is disposed. On the 
upper face of the strain causing portion 1c annually 
formed, p-type gauge resistors 11-14_ are formed in 
directions respectively parallel to or perpendicular to 
the direction of the <1l0> axis indicating the maxi 
mum sensitivity of the piezoresistance coef?cient in the 
(100) plane as shown in FIG. 2. In the illustrated exam 
ple, four gauge resistors are formed. As the method for 
forming gauge resistor, the diffusion method or the ion 
implantation method is used. It is desirable that the 
gauge resistors 11-14 on the top face of the strain caus 
ing portion 10 are disposed near the ?xing portion 1a of 
the strain causing portion. Because the gauge resistors 
are so disposed as to maximize the strain caused in the 
radial direction and the circumference direction in the 
strain causing portion when a pressure or a differential 
pressure is applied thereto. 
As shown in FIG. 3, the above described four gauge 

resistors 11-14 are so electrically connected as to form 
a Wheatstone bridge and generate a differential electri 
cal output. Numeral 15 shown in FIGS. 2 and 3 denotes 
a gauge resistor. This gauge resistor 15 is a thermo-sen 
sitive resistor disposed in parallel to the direction of the 
< l00> axis indicating the minimum sensitivity of the 
piezoresistance coef?cient in the (100) plane. By using 
this thermo-sensitive resistor 15, information relating to 
the environmental temperature around the diaphragm 1 
can be obtained. 0n the top face of the diaphragm 1, an 
oxide ?lm 16 for guarding the gauge resistors 11-15, 
aluminum winding 17 for connecting the gauge resistors 
11-15 to yield a wiring structure as shown in FIG. 3, 
and bonding pads a-g are formed. 
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5. 

4 
As shown in FIG. 2, the plane shape of the dia 

phragm 1 for measuring the pressure or the differential 
pressure is a square, for example. In the central part of 
the diaphragm 1, the recess portion 1b having a plane 
shape of an octagon, for example, is formed. This recess 
portion 1b comprises a base portion 21 and an annular 
side wall plate portion 22. As an example in this embodi 
ment, the base plate portion 21 is formed in parallel to 
the top face of the diaphragm 1, and the side wall plate 
portion 22 is so formed as to be slant. By forming the 
recess portion 1b in the diaphragm 1, the central part of 
the diaphragm 1 projects downward as shown in FIG. 
1. The side wall plate portion 22 forming the recess 
portion 1b is so formed that the thickness of the side 
wall plate portion 22 may be equivalent to or larger 
than that of the strain causing portion 10. The thickness 
of the base plate portion 21 can also be de?ned in the 
same way as the side wall plate portion 22. As hereto 
fore described, the recess portion 1b, which comprises 
the base plate portion 21 and the side wall plate portion 
22 and which is depressed downward in FIG. 1, is 
formed in the diaphragm 1. Therefore, the diaphragm 1 
is so formed that its shape may be symmetric with re 
spect to the center axis line and the pressure receiving 
characteristics may be symmetric with respect to pres 
sures applied from above and from the bottom. Since 
the diaphragm 1 is so formed that such a recess portion 
1b may be disposed in the central part thereof, this 
recess portion 1b has a high rigidity as compared with 
the annular strain causing portion 1c surrounding the 
recess portion 1b. As a result, the strain causing portion 
1c functions as a beam which is subject to load force in 
the center axis line direction of the recess portion 1b. 
That is to say, when a pressure or a differential pressure 
is applied to the diaphragm 1, strain is caused in the 
diaphragm 1, but bending strain is caused between the 
side wall plate portion 22 and the base plate 21 of the 
recess portion lb or between the side wall plate 22 and 
the strain causing portion 1c. As a result of this bending 
strain, tensile force does not act upon the strain causing 
portion 1c so largely and bending strain is caused in 
most cases. 

In the above described action of the diaphragm 1, 
reaction force balancing the force given by the product 
of a pressure P and a pressure receiving area S of the 
diaphragm 1 is dominated by the reaction force of the 
strain causing portion 1c. Even if the thickness of the 
base plate portion 21 and the side wall plate portion 22 
of the recess portion 1b changes, therefore, strain gener 
ated in the strain causing portion 10 scarcely changes so 
long as the thickness of the strain causing portion 1c is 
equivalent to or smaller than the thickness of the base 
plate portion 21 and the side wall plate portion 22. That 
is to say, it becomes a proviso that the thickness of the 
base plate portion 21 and the side wall portion 22 is 
equivalent to or larger than the thickness of the strain 
causing portion 1c. Further, the recess portion 1b com 
prising the side wall plate portion 22 and the base plate 
portion 21 forms a boundary portion between it and the 
thick ?xing portion 1a in the strain causing portion 10. 
As the thickness of the strain causing portion 10 be 

comes thinner, membrane stress, i.e., tensile force‘gen 
erated in the strain causing portion Ic of the diaphragm 
1 generally becomes large. In the strain causing portion 
Ic of the diaphragm having the con?guration of the 
present embodiment, however, its membrane stress is 
reduced by an amount equivalent to an increase of 
bending strain acting between the side wall plate 22 and 
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the base plate 21 or between the side wall plate 22 and 
the strain causing portion 1c. In the diaphragm 1, the 
recess portion 1b does not have a shape continuously 
extended from the strain causing portion 10. and the 
strain of the recess portion 1b and the stress of the stress 
causing portion 10 occur separately each other. View 
ing the strain action of the diaphragm 1 from the strain 
action of the strain causing portion 1c, the central part 
comprising the recess portion 1b functions as a high 
rigidity portion. Therefore, the strain causing portion 1c 
serves as a cantilever beam having a high rigidity por 
tion in the central part. As a result, the membrane stress 
acting upon the strain causing portion 10 is very small ‘ 
and can be neglected. Only the bending stress thus acts 
upon the strain causing portion 1c. 
As heretofore described, the recess portion 1b having 

high rigidity is disposed in the central part of the dia 
gram 1 according to the present embodiment. In case a 
pressure of regular (upward) direction is applied to the 
diaphragm 1, therefore, compressive force proportion 
ate to that pressure acts upon the gauge resistors 11-14. 
Further, in case a pressure of reverse (downward) di 
rection is applied to the diaphragm 1, tensile force pro 
portionate to that pressure acts upon the gauge resistors 
11-14. In response to regular and reverse pressures, 
completely symmetric strains thus occur in the strain 
causing portion 1c. As a result, a diaphragm having 
excellent regular and reverse characteristics can be 
obtained. 
When the diaphragm 1 according to the present em 

bodiment is viewed from another angle, the structural 
continuum comprising the strain causing portion 1c, the 
side wall plate portion 22 and the base plate portion 21 
can be regarded as corrugated partitions having respec 
tive boundaries as fulcrums. Deformation of the dia 
phragm 1 and strain generated in the diaphragm 1 do 
not depend upon the direction of pressure application. 
In the relation between pressure and output of the dia 
phragm 1, linearity can be suf?ciently secured. 
The diaphragm 1 having the above described shape is 

worked and formed typically by wet etching or dry 
etching. In this forming method, a planar diaphragm 
material is ?rst taken and the bottom face of the dia 
phragm is so etched by using a predetermined mask as 
to leave the ?xing portion 1a and the central part. A 
portion corresponding to the annular strain causing 
portion 1c is thus formed.’With a predetermined mask 
on the ?xing portion 1a and the strain causing portion 
1c, the diaphragm is then etched so as to leave the above 
described side wall plate portion 22 and the base plate 
portion 21, the recess portion 1b being thus formed. As 
masks for etching, photoresist ?lms or oxide ?lms, for 
example, are used. Further, in the above described ex 
ample, etching processes of the top face and the bottom 
face of the diaphragm 1 shown in FIG. 1 are separately 
performed. However, those processes may be simulta 
neously performed. If the high rigidity portion is 
formed by forming the recess portion in the central 
portion of the diaphragm 1 as heretofore described, 
facilities substantially identical with conventional facili 
ties for manufacturing diaphragms can be used and cost 
problems in fabrication are not posed. 

Further, in the diaphragm 1 as shown in FIG. 2, 
aluminum wiring 17 is not arranged in the strain causing 
portion 1c and the recess portion 1b, which is a high 
rigidity portion located at the center, at all, but ar 
ranged only in the peripheral ?xing portion 1a. Firstly, 
this aims at reducing the number of processes by elimi 
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6 
nating ‘the process for forming wiring after the recess 
portion 1b has been formed. Secondly, this aims at pre 
venting the strain causing portion 1c and the recess 
portion 1b, in which large strain is caused when a pres 
sure is applied and the strain largely changes according 
to a change in environmental temperature, from exert 
ing a bad in?uence upon aluminum wiring. By thus 
disposing the aluminum wiring 17 on the ?xing portion 
1a of the diaphragm 1, the aluminum wiring can be 
made free from an influence of high strain generated 
when a pressure is applied and thermal strain (difference 
in coefficient of linear expansion between silicon and 
aluminum) generated when the temperature has 
changed. . . 

In the through-hole 4c of the housing 4, a hermetic 
seal 31 is placed and a lead 6 is disposed therein. The 
upper end and lower end of the lead 6 are pulled out 
outside of the through-hole 4c. In a predetermined posi 
tion of the top face of the housing 4, a wiring plate 32 is 
disposed and connected to the lead 6. Further, the wir 
ing plate 32 is connected to the above described alumi 
num wiring 17 corresponding thereto via a lead 33. 
Thereby the electric signal relating to the pressure de 
tected by the gauge resistors 11-14 can be taken out to 
the leads 6. _ 
The pressure of a ?uid to be measured is applied to at 

least one of the top face and the bottom face of the 
diaphragm 1 having the above described con?guration 
as shown in FIG. 1. As a result, an electrical signal 
corresponding to that pressure or differential pressure 
can be obtained. In order to prevent the ?uid to be 
measured from directly coming in contact with the top 
face and the bottom face of the measuring diaphragm 1, 
a partition such as a seal diaphragm ?lled with sealing 
liquid therein may be disposed. 
FIG. 4 shows a second embodiment of the present 

inventin. In the diaphragm 1 according to this embodi 
ment, the base plate portion 21 of the recess portion 1b 
formed in the central part has a convex portion 41 tak 
ing the sectional shape of a trapezoid, for example. The 
convex portion 41 is formed by making the thickness of 
the base plate portion 21 large. Therefore, an annular 
groove 42 is formed around the convex portion 41 in the 
recess portion 11:. The remaining con?guration is identi 
cal with that of the diaphragm shown in FIG. 1. In FIG. 
4, structural portions other than the diaphragm 1 are 
omitted. 
FIG. 5 shows a third embodiment of the present 

invention. The diaphragm l in this embodiment has the 
same structure as that of the above described second 
embodiment, except that the thickness of the side wall 
plate portion 22 and the base plate portion 21 forming 
the recess portion 1b and the thickness of the strain 
causing portion 10 are made thin. 
Even in diaphragms of the second embodiment and 

the third embodiment having the above described con 
?gurations, the bending action caused between the side 
wall portion 22 and the base plate portion 21 and be 
tween the side wall portion 22 and the strain causing 
portion 1c generates mainly bending stress in the strain 
causing portion 10 instead of tensile stress. As a result, a 
technical effect similar to that of the ?rst embodiment is 
exhibited. 

FIG. 6 shows a fourth embodiment of the present 
invention. In contrast with the second and third em 
bodiments respectively shown in FIGS. 4 and 5, a hol 
low portion 41' opened downward is formed in the 
convex portion 41 and a shape bending portion 212' is 



5,257,546 
7 

provided. Preferably the thickness of this shape bending 
portion 22' is equivalent to or larger than the thickness 
of the strain cousing portion 1c. FIG. 6 shows an em 
bodiment so as to correspond to FIG. 5. A broken line 
A in FIG. 6 represents the thickness of the shape bend 
ing portion 22' in case an embodiment corresponding to 
FIG. 4 is formed. 

In the embodiment shown in FIG. 6, the shape bend 
ing portions 22 and 22' are formed doubly, i.e., in a 
corrugated form. In the strain causing portion 1c, there 
fore, the membrane stress responsive to the pressure 
change is largely reduced. Virtually only the bending 
stress is thus caused. As a result, regular and reverse 
output characteristics which are symmetric can be ob 
tained. Further, since the central part is hollow, the 
mass is reduced and hence the natural frequency can be 
made high. Therefore, differential pressure instrumenta 
tion responsive to a pressure change containing high 
frequency components can be performed. , 

In accordance with the present invention as evident 
from the description heretofore made, the central part 
of the diaphragm is provided with a predetermined 
shape change to form a high rigidity portion and a strain 
causing portion is provided around the high rigidity 
portion. Even if the thickness of the strain causing por 
tion is made thin, therefore, a sufficiently high detection 
output can be obtained and the strain caused in the 
strain causing portion can be mainly composed of bend 
ing. As a result, the linearity of detection characteristics 
is improved and regular and reverse characteristics 
become excellent. Thereby even the pressure in the low 
region can be detected with high precision. By forming 
a recess portion in the diaphragm, the pressure receiv 
ing area substantially becomes large. On the contrary, 
the same sensitivity can be obtained even if the measur 
ing diaphragm is reduced in size as compared with the 
prior art, resulting in an advantage. 
We claim: 
1. A pressure measuring sensor including a pressure 

measuring sensor proper; a diaphragm having a periph 
eral ?xing portion so formed as to be ?xed to said sensor 
proper and be thick, a pressure receiving portion re 
sponsive to a pressure to be measured to move, and a 
strain causing portion so ?xed to said peripheral ?xing 
portion was to be responsive to the movement of said 
pressure receiving portion to cause strain; a plurality of 
gauge resistors disposed on said strain causing portion; 
and a circuit for electrically connecting sid gauge resis 
tors and outputting an electric signal proportionate to 
said pressure to be measured, said pressure measuring 
sensor comprising: 

said pressure receiving portion having a shape so 
formed as to substantially perform the same func 
tion as a member having a high rigidity when mov 
ing in response to a change in said pressure to be 
measured; and 

said strain causing portion being substantially subject 
to bending stress in response to the movement of 
said pressure receiving portion moved according 
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8 
to the change in said pressure to be measured and 
thereby said strain causing portion providing said 
plurality of gauge resistors with tensile stress or 
compressive stress proportionate to said pressure 
to be measured; 

wherein wiring forming a part of said circuit and 
connected to said gauge resistors is disposed on 
said peripheral ?xing portion; 

wherein said pressure receiving portion comprises a 
- side wall plate portion ?xed to said strain causing 

portion and formed so as to be substantially annular 
and a base plate portion ?xed to said side wall plate 

I portion and forming a recess shape in conjunction 
. with said side wall plate portion; and 
wherein said side wall plate portion is so formed as to 
be funnel-shaped. 

2. A pressure measuring sensor according to claim 1, 
wherein each of said side wall plate portion and said 
base plate portion has a thickness equivalent to or larger 
than that of said strain causing portion. 

3. A pressure measuring sensor according to claim 1, 
wherein said pressure receiving portion is so formed as 
to protrude on the side whereon said peripheral ?xing 
portion is so formed as to be thick. 

4. A pressure measuring sensor according to claim 1, 
wherein said strain causing portion is formed by dispos 
ing a substantially annular ‘groove portion on the pe 
riphery side of said side wall plate portion. 

5. A pressure measuring sensor according to claim 1, 
wherein said sensor proper comprises: 

a cup-shaped housing having an open end on side and 
a through-hole in the center of the bottom portion 
thereof; and 

support members having, in the center thereof, 
through-holes communicating with said through 
hole and ?xing and holding said peripheral ?xing 
pertion. 

6. A pressure measuring sensor according to claim 1, 
wherein a thick portion is formed in the central part of 
said base plate portion. 

7. A pressure measuring sensor according to claim 6, 
wherein said central thick portion is provided by form 
ing a substantially annular groove inside of said side 
wall plate portion. 

8. A pressure measuring sensor according to claim 1, 
wherein said pressure receiving portion comprises a 
plurality of side wall plate portions formed in a corru 
gated form. 

9. A pressure measuring sensor according to claim 8, 
wherein said pressure receiving portion comprises a 
?rst side wall plate portion ?xed on one side to said 
strain causing portion and formed so as to be substan 
tially annular, a base ‘plate portion having one end ?xed 
to the other end of said ?rst side wall plate portion, a 
second side wall plate portion having one end ?xed to 
an inner end of said base plate portion, and a thin central 
part provided in said second side wall plate portion. 
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